
v. 

< 

OFFICE OF NAVAL RESEARCH 

Task Contract N5ori-07822 

Project Designation No. NR 356-096 

Technical Report No. 20 

CYCLIC POLYOLEFINS. XXXII.,, 
CIS- AND TRANS-1,3-DIPHENYLCYCLOOCTAME 

by 

Arthur C. Cope, Mark R. Kinter and Richard T. Keller 

(Prepared for publication in the 
Journal of the American Chemical Society) 

Massachusetts Institute of Technology 
Department of Chemistry 

Cambridge 39, Mass. 

April Ik, 195U 

mm OF M, 



THIS REPORT HAS BEEN DELIMITED 

AND CLEARED FOR PUBLIC RELEASE 

UNDER DOD DIRECTIVE 5200,20 AND 

NO RESTRICTIONS ARE IMPOSED UPON 

ITS USE AND DISCLOSURE. 

DISTRIBUTION STATEMENT A 

APPROVED FOR PUBLIC RELEASE; 

DISTRIBUTION UNLIMITED, 



1 
I 

I 

[Contribution from the Department of Chemistry, 
Massachusetts Institute of Technology] 

1 
CYCLIC POLYOLEFINS. XXXII. CIS- AND TRAHS-1,3-DIPHEIIYLCYCL00CTAIIE . 
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By Arthur C. Cope, Mark R. Kinter  and Richard T. Keller 

(2) duPont Fallow, 19?o-1931. 

Received 

Authentic eamples of the two geometric isonero of 1,3-diphenyl- 

cyclooctane have been prepared and proved to be identical with the two iaonsrs 

previously obtained from carbonyl-bridged intermediates. The synthetic route 

involved Priedel-Crafts addition of benzene to 2-cyclooctcn-l-one (III), 

followed by reaction of the resulting 3-phenylcyclooctanone (IV) vith phcnyl- 

lithium, dehydration of the tertiary alcohol, and reduction of the mfceture of 

olefins that vas formed. 2-Cycloocten-l-one WEB prepared by opponaucr or 

chromic (icld oxidation of 2-cycloocten-l-ol (II), obtained from the acetate (I), 

vhich in turn vas prepared from J-bromocyclooctene and silver acetate or cio- 

cyclooctene and mercuric acetate. 

Convenient routes for the synthesis of eight-meabered ring com- 

pounds from carbonyl-bridged intermediates have been described for the prepara- 

f 
I ft 

it 
tlon of 2,U-diphenylcycloocta-l,lv-diene, 2,WiphenylcyclooctGn2 and 3>5- t 
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diphcnylcyclooctene.    Evidence for the structure of thoce compounds was 

(3) A. C. Cope, F. 8. Favcett and G. Munn, This Journal, J2,  3999 (1990) 

baaed on ultraviolet absorption spectra, oxidative degradation, an?2ocy with 

n ^ 
a eimilor synthesis of l~phenylcycloocta-l,3-dieno,  and reduction to one or 

(k) A. C. Cope and E. C. Hermann, ibid,, JZ, 3^05 (1990); D. F. 
Rueen, Ph,D» Thesis, Massachusetts Institute of Technology, 
1952. 

both of two solid hydrocarbons, believed to be the two G<--o-2tric icc:.:2r3 of 

1,3-diphenylcyclooctane.  The presence of an eicht-cambered rinc in the eerier 

of compounds traa not definitely proved, but is established by the synthesis 

of cis- and trans-1,3-diphenylcyclooctane reported in this paper. 

If ff 
3-Brociocyclooctcne, prepared from els-cyclooctona and II- 

bvoraoouccinlmide," was treated with silver acetate in Glacial acetic c.eid at 

(5) A. C. Cope and L. L. Eotos, jr., This Journal, Jg^ 1129 (1990). 

room temperature, and yielded 79^ of 2-cyclooctcn-l-yl acetate (I) and k$ of 

1,3-cyclooctadione. The allylic acetate I also was prepared in 3£;'; yield from 

6 
cyclooctene and mercuric acetate, with 3l$ recovery of the olefin. 

(6) Preparation of allylic acetates from cyclic olefino and 
mercuric acetate Is described by W. Treibs end H. East, Ann., 5ol 
165 (19^9). 

Saponification of the acetate I with potassium hydroxide in aqueous ethanol 

yielded 2-cyclooctan-l-ol (II) (91#)> which was characterized as the phenyl- 

n 
urethan and by quantitative reduction to cyclooctanol. 

Oxidation of the alcohol II to the pure c,P-unsaturatC;& ketone, 

2-cycloocten-l-one (III) was accomplished by two oxidations with chromic acid 



in aqueous acetic acldj a third oxidation did not chance the intensity of tho 

absorption maximum of III at 230 m>u. This oxidation procedure resulted in a 

poor yield of the pure ketoao III, however, and Opponauer oxidation with p_- 

bentoquinona and aluminum isopropoxide in benzene vas preferable. The latter 

procedure yielded 66$ of the ketone IH which was 92$ puro according to the 

extinction coefficient at 2J0 mju, and accordingly contained Qfi of tho alcohol 

I. The ketone III obtained by this procedure -was sufficiently pure for uoe 

in the synthesis described below. 

X 
I 

\ 

y 
I,      X   a   0C0CH3 

II,.    X » OH 

0 
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Since 2-cyclohexen-l-one can be prepared directly by tho 
7 

oxidation of cyclohexene with chromic acid in acetic acid, on effort wa3 made 

(7) P. C. Vhitmore and 0, W. Pedlow, Jr., This Journal, 6£, 759 (191*!)* 

to prepare the ketone in by oxidation of cis-cyelooctene under similar 

conditions. The product obtained from cyclooctene, however, was cis-cyclopctene 
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8 9 
oxide  (26$) rather than the ketone III. 

(8) K. Ziegler and H. Wllma, Aim., ^§J,  1 (1930)j A. C. Cope, S. W. 
Fenton and C. S. Spencer, This Journal, ji, 588k (1932). 

(9) The oxidation of other (usually hindered) olefins to epoxldea 
with chromic acid has been reported. See W. J. Hicfciribottcia 
and D. G* M. Wood, Nature, 168, 33 (1931). 

Frledel-Crafte addition of benzene to the carbon-carbon double 

bond of the ketone III in the presence of aluminum chloride yielded 3- 

phenylcyclooctanone (IV) (51$). The ketone IV vas isolated as a solid, 

tn.p. 61-62.5*, and characterized further as.the semicarbazone. The presence 

of an eight-mombered ring in the ketone was established by reduction by a 

10 it 
modified Wolff-Kishner iusthod  to phenylcyclooctane, vhich vas identified by 

(10) Huang-Minion, This Journal, 68, 2U87 (19^). 

comparison with an authentic sample. 

The reaction of phenylllthium with 3-phenylcyclooctanone yielded 

1,3-diphenylcyclooctan-l-ol, a viscous, high-boiling liquid that was not 

Isolated, but vas dehydrated by heating with iodine in benzene solution. The 

product, which vas isolated In 82$ yield, presumably vas a mixture of 1,3- 

and 2,h-diphenylcyclooctene; its ultraviolet spectrum ( x max. 2l*8 m>i , log t 
«    3 

^.13 In cyclohexane) vas very similar to the spectra of 2,^-diphenylcycloocten3 ' 

(Xmax. 2U8.5 n/A. ,  log £ It.OO) and 1-phenylcyclooctene   ("X max. 2^8 m>u» log6^.07) 

(11) A. C. Cope and A. A. D'Addleco, ibid., 73, 3«H9 (1931). 

K 
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Catalytic hydroGcivition of the mixture of 1,3- aud 2,^nliphcnylcyclooctcnea 

vlth a palladium catalyst resulted in the absorption of 102;' of one molar 

equivalent of hydrogen and formation of a mixture of the els and tr^.m forms 

of 1,3-diphenylcyclooctane (V). Fractional crystallization fro^i mothcnol 

yielded tho less soluble isonaor, m.p. 83.5-85.80, which waa idsnticol (by 

mixed molting point ond comparison of infrared spectra) with tho 1,3-dipheayl- 

cyclooctana isoner with the saoe molting point previously prepared from a 
3 

carbonyl-brldged intermediate.   Tho more soluble ioomcr vus isolated from 

the mcthanol mother liquors as a Bligbtly impure solid, m.p. 56-60% which 

however did not give a melting point depression vith the purer eaoplo from 

the earlier synthesis (m.p. 60.6-61°). The two samples of tho lotf-uolting 

isomer also had infrared spectra that vere identical within experimental ciror. 

CeHg 

IV 

C6Hn 

CeHg 

Va, m.p. C5.5-G3.3* 

Vb, m.p. 6o.6-6l.0° 

•4 
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Ebcperimcntal 

(12)  Melting joints are corrected end boiling points ore uncor- 
rected. We are indebted to Dr. S. M. nagy and his associates 
for analyses. 

2-Cycloocten-l-yl Acetate (I). -  A suspension of 23.2 g. of 

oilver acetate ia 50 ml. of Glacial acetic acid wa3 added in portions with 

«    5 
stirring and cooling to a solution of 26.7 g, of 3-bromocyclooctctie " in 

50 alt of glacial acetic acid. The mixture, was allowed to stand overnight and 

then vas filtered to separate the silver bromide, which was washed with 75 nl. 

of acetic acid. Tha combined filtrates were, concentrated by distillation 

through a 20 x 1.5-cm. column paclicd with gloss helices to remove acetic 
n 

acid. The distillate contained 1,3-cyclooctodlene, which was isolated by 

dissolving it in ether, washing with water and then with 5* aqueous sodium 

carbonate to remove acetic acid, drying over magnesiuai sulfate, and distilling 
• 

through a ssmimicro column. The yield wao 0.62 g. (h$)t  b.p. tk-lC9 

25 
(86 na.), n_  after passing through a snail column of silica gol to remove 

• 

traces of ether 1.1*901, A. xxcz* 223-230 m/x. (£57^0 in cyclohexano) (compare 

properties in raf. 5). The residue remaining after distillation of the acetic 

acid was filtered to remove a small amount of solid and distilled through a 

cemimicro column. The yield of 2-cycloocten-l-yl acetate wa3 18.7 g. (79$)# 

25 
b.p. 55-59° (1 ca.)* n^ l.lt672. A redistilled analytical sample had the 

25       25 
following physical properties: b.p. 57* (1 raa.), n-) l.l*63o, d^ 0.9323. 

Anal. Calcd. for CxoHisOg: C, 71.39* H, 9.59. 

Found: C, 71.U| H, 9«^9. 

2-Cyclobcten-l-yl acetate also was prepared by heating a mix- 

ture of 10.0 G. of cycloBctene, 29.0 g. of ciercuric acotate and 10 nil. of 

(. <u 
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glocial acetic acid under reflux in an oil bath at 1W  for 5 hours. The 

mixture vas cooled, distilled rapidly at 1 cm., and the distillate va3 fractionated, 

yielding fc.83 g. (32$) of 2-cycloocten-l-yl acetate, b.p. 116-118* (30 nru), 

OQ  1.U680. By the procedure described above for isolation of 1,3-cyclo- 

octadiene, 3.1* g* (3*4) of the eyclooctene vas recovered from the acetic acid 

fraction* 
M II 

2-Cyoloocten-l-ol (II). - 2-cycloocten-l-yl acetate (?•?£.) 

vas added to a solution of 3.8 g. of potassium hydroxide in 7 ml. of voter 

and 13 ml. of ethanol, and the solution vas. allowed to stand for h hours 

vith occasional shaking. The solution vas diluted with S3 ml. of voter and 

extracted vith 30 and 23 ml. portions of ether. The extracts were tracked vith 

vater, dried over magnesium sulfate, concentrated, and the residue vas 

distilled through a semlmicro column. The yield of 2-cyclooctcn*l-ol vas 

3.28 g. (91*), b.p*>* (2 mm.), njp 1.U959, d£5 o*975<5. 

Anal.  Calcd. for CaBx^Ot C, 76.1U; H, 11.18. 

Foundi C, 76.331 H, 11.18. 

2-CyoloScten-l-ol also vas prepared by treating 3-bromocyclooctene 

vith silver acetate in acetic acid and adding the solution of the crude acetate 

to an excess of alcoholic potassium hydroxide. The yield of the alcohol by 

this procedure vas 73$. 

2-Cyclooctea-l-yl Ittenylurethan vas prepared by warning 0.23 g. 

of 2-cycloocten-l-ol vith 0.27 g. of phenyl isocyanate briefly and allowing 

the mixture to stand overnight in a stoppered tube. The solid product vas 

extracted vith hot llgroin and crystallized on cooling as colorless needles 

(0.39 g.# 72$), m.p. 92*3-93*• Recrystallization did not change the melting 

point. 
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Anal.   Calcd. for Cx0n10NQ2:    C, 75.^5* H, 7.8lj H, 5.71 

Found:   c, 73.55* H, 7.9^1 B, 5.70. 

Hydrogenation of a solution of O.U15 g. of 2-cycloocten-l-ol 

in U ml. of acetic acid In the presence of O.k g. of prereduccd platinum oxide 

was complete in 2 hours and ldk$> of one molar equivalent of hydrogen vas 

absorbed. Cyclooctanol vas Isolated as the reduction product in a yield of 

0.32 g. (76$) and identified as the phenylurethan by m.p. anl mixed m.p. 

2-Cycloocten-l-oae (III), (a). - A solution of fc.2 g. of 

chromium trioxide in 2 ml. of water and 9 »!• of acetic acid vas added drop* 

vise in a period of 50 minutes with rapid stirring and cooling in an ice 

bath to a solution of 5.7 g. of 2-cycloocten-l-ol in 10 ml. of glacial acetic 

acid* The mixture vas stirred at room temperature for 2 hours, partially 

neutralised by addition of a solution of 10.1 g. of potassium hydroxide in 

50 ml. of vater vith cooling, and extracted continuously with ether for 12 

hours. The extract vas neutralized to phenolphthalein by addition of aqueous 

potassium hydroxide, and the aqueous layer vas extracted vith three portions of 

ether, fhs combined ethereal solutions were dried over magnesium eulfate, 

concentrated by distillation through a helix-packed column, and the residue vas 

fractionated through a semlmicro column, yielding 3.87 g. (69$) of a 

fixture of 8-cycloo^ten-l-one and 2-cydoocten-l-oi, b.p. 9^-97* (1? mm.), 

fijj lAjAO. A redistilled sample vas found to contain 58$ of the ketone by 

comparison of its ultraviolet absorption spectrum vith the spectrum of pure 

2-cycloocten-l-one.   A second oxidation of the mixture by a similar procedure 

gave the pure ketone, vith physical constants that were not changed by a 



-9- 

third oxidation,    The 2-cyclooctcn-l-ori2 Isolated after the third o:cidatloa 

hod b.p. 89' (l*t- an.), V    *-k&&» X M(    2?0 m>u. ( £ T?0O),  ^ ^^     210 m^u. 

(E.80) (in 95# ethanol). 

Anal* Coded, for CaHiaO: C, 77.33j H, 9.7^« Found: 

C, 7T.39| H, 10.03. 

(b). • 2-Cycloocton-l-one containing a small amount of 2- 

cycloocten-1-ol as an impurity vas obtained conveniently by Qppenauer oxida- 

tion of the alcohol. A mixture of 10.1 g. of 2-cyclo8ctan-l-ol, h3.2 g. of 

pure, dry £»benzoquinoae, 16.3 g. of aluminum iaopropoxide and 6oo ml. of dry 

benzene vas heated under reflux protected from atomsphoric moisture for 50 

minutes. The mixture vas allowed to cool to room temperature, and stand 

for 29 hours, after which it vas again heated under reflux for 1 hour. 

After cooling the mixture with ice,-1 1. of 5$ hydrochloric acid vas added 

vith shaking, and the benzene layer vas combined vith an ether extract of 

the aqueous layer. The solution vas washed vith three 700-ml. portions 

of yft sodium hydroxide, then vith water, and dried over magnesium eulfate. 

Distillation through a semimicro column after removal of the solvent through 

a helix-packed column yielded 6.kQ g, (6&l»)  of 2-cycloocten-l-one, b.p. 
25 

88-90* (12 mm.), n^ I.U961, that vas 92$ pure according to the intensity of 

the principal absorption maximum at £90 m^i ( £, 7060 in 95$ ethanol, compared 

to 7700 for the pure ketone). 

Oxidation of Cydooctene vith Chromic Acid. -  A solution 

of 15.k g. of chromium trioxide in 9 ni* of water and 95 ml. of acetic acid 

vas added dropsrise vith stirring over a period of several hours to a solution 

of 11.2 g. of cis-cyclooctene in 22 ml. of glacial acetic acid vith cooling In 

ice. The mixture vas allowed to stand at room temperature for 2 day3, after 

, 

! 
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which 57 G« of potassium hydroxide in 200 ml, of water was added and the mix- 

ture was steam distilled, Ether extraction of the distillate followed "by 

concentration and fractionation ceparatod 0,9 G» of recovered cyclooctene and 

3*56 G» (28$) of cyclooctene oxide, which after treatment with Glrard's 

reagent to remove a very small amount of a ketonic impurity had m.p. and mixed 
8 

m.p. vith an authentic sample  of 57-59a. 

3-Kionylcyclooctanone (IV). - " 2-Cycloocton-l-one (6,2 g., 

from procedure b above) was added in one portion to a stirred mixture of 53.3 

g. of powdered anhydrous aluminum chloride and 500 ml* of dry benzene. 

The mixture vas stirred and heated under reflux for 5.5 hours, after which it 

was cooled in ice and shaken with a mixture of 500 ml. of ice water and 100 

ml, of concentrated hydrochloric acid. The organic layer was separated, 

combined vith a 250-ml, ether extract of the aqueous layer, washed three, times 

with water, and dried ever magnesium sulfate. After removal of the solvent, 

distillation yielded 7,7 g. of crude 3-phenylcyclooctanone, b.p, 75-13'+* 

(0,3 mm,), A mixture of the crude product and 7,65 g, of Girard's reagent 

"T" in 10 ml, of glacial acetic acid and 100 ml, of absolute ethanol was 

heated under reflux for 1 hour. The solution was cooled, poured into ).<-C0 nil. 

of ice water containing 8 g. of sodium carbonate, and non-ketonic material was 

removed by extraction with two 200-ml^ portions of ether. Concentrated 

hydrochloric acid (25 ml,) was added to the aqueous solution, and after 1 

hour the product was extracted with two 200-ml, portions of ether. The U j 

extracts were washed with water, dried over magnesium sulfate, and concen- ' 

trated. Distillation through a semitnicro coluran yielded 5.11 g. (51$) of *Y 

3-phenylcyclooctanone, b.p. 118-121° (0.5 ma,). The ketone solidified 

.• 
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rapidly, cod vaa rccrystalliced £o a constant sreltinc; point of 6\-C?,5* frca 

2:1 nathanol-vatsr. 

Aml>   Calca. for Ci«ftiaO*   C, 63»12j II, 3,97.   Foundi 

*     Qf.^J-l S# 9»ofc. 

S-IftraiylcaTdoactoao^ Sgro.lcrvt^ay.otv.'a was proposed by heating 

50 ras» of the batons, 31 tag. of sooiearbasldo hydrochlorido end 23 no of 

sodiua acetate in 2 nl. of 50$ cthanol.   The eas&corbasoao (52 no, n.p. 

170-171*) was rocryatalli«ed fran 2jl ethanel-oater as unite leaflets* n.p. 

173-17^*. 

*nal.   Calcd. for C15II.-a.ll3O}   C, 6$>«Wj H, G.l6.   Found} 

c, 69.671 H, 8.29. 

3-Phenylcyclooctanona (0.15 c«) van reduced to phenylcyclo- 

octene by heating vith 0.5 C* of potaooiua hydrocd.de and 1.0 nl. of Cyyf> 

hydratine hydrate in 10 nl. of diethylcno clycol In a bath at 180* for 1.3 

hours, end than at 210* for 3 hours while ebout 2 xal. of liquid distilled. 

The solution ins cooled, codbiaed with tho distillate, aril poured into 50 ml. 

Of water, which wao extracted with two 23-rd.. portions of ether.   The 

extracts were washed with water, dried over oacaesiuni eulfate and concen- 

trated*   The residue was distilled through a Gouinlcro colutnri, yielding 

90 og. (6tyS) of phenylcyclooctane, b.p. approximately 95* (0.3 an.), 
23 11 

Op     l«330b, n.p. 5»a-7»5* and nixed m.p, with on authentic oonpl©       6.2-0.0* • 

1,3-, and ffifr-Diphenylcyclooctenao^ -    A solution of 2.CS e» 

of 3-phanyicycloo'ctanono in 20 nl. of dry ether was added with stirring during 

a period of 3 ralnutes la a nitrocon atmosphere to the phoayllithiua prepared from 

4.72 6« of brou0i>3nzeno and 0,k6 g. of lithiua in 'to nl. of other.   The 
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nixture via heated under reflux for 0.5 hour, after which 50 ml. of water was 

added T/lth coolins cad stirring.   Tnc ether layer was coauln-a -.rich an o'chorcrJ. 

extract of the aqueous layer, washed . tth w. ter, and dried ever cac^icsiua 

sulfatc.    One-fifth of the solution was reserved for (uataicccr/Oful) attempts 

to purify the tertiary alcohol, and the reraainins four-fifths was concen- 

trated.   A colution of the residue in 50 ml. of benzene was heated under 

reflux with 50 m*. of iodine for 6 hours, vith separation of the email 

amount of water formed in a Boon and Starlt separator.   She solution woo 

coolcl, washed with sodium thiosulfate solution and water, and concentrated. 

The residue was heated in a short-path still for 2.5 hours at 150° and 0.5 

mm. to remove biphenyl, and then was distilled with a hoatins blocli tem- 

perature of 200-250° (0.5 ira,).   A solution of the distillate in 50 ml. of 

rentane was a^ain washed with sodium thiosulfate solution, water, and con- 

centrate!.    Slow distillation of the residue in a short-path ctil! at   . 

0.5 ma. vith a heatins block temperature sof 170° yielded 1.71 G. (S2^) of a 
n 25 

mixture of 1,3- and 2,4-diphenyicycloectciioc,a3 a viscous liquid, IU 

1.595'*. 

Anal. Calcd. for Cco^22: C, 91.55; H, Q.h5.   Found: 

C, 91.25i H, 8.51. 

1,3-Diphenylcyclooctane (V). -  A solution in 10 ml. of 

acetic acid of 0,k66 g.. of the mixture of 1,3- and 2,k-dlphenylcyclaocten23 

described above was hydrocenated at room temperature and atmospheric prcr/.r/ure 

in the presence of 0.^5 c« of d0$ palladium on Horit. Reduction was covrpletc 

• 

' • i: 
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In h^ minutes and resulted in e&oorption of 102,' of one molar equivalent of 

hydrogen. The catalyst was separated, trashed with acetic acid ex& pc.ni.cii2, 

and the filtrates vcre washed vlth vater and sodium carbonate solution to 

remove acetic acid. Concentration of the pentane solution yielded 0.h:)6 G« 

of a mixture of cis- and trans-l,3-diphonylcyclooctanos as an oil Trhlch 

solidified) ra.p. 5^-66°. The mixturo vao fractionally crystalline:! froa 

nothanol, end after nine crystallizations the least soluble lsojnsr had 

^ m.p. 85.5-35.8° and nixed ra.p. vith a sample prepared "by hydrooesaatloa or 
n 3 

2,l»-diphenylcycloocta-l,U-dlene (u.p. 85.6-85.1°) of 85.2-05.8°. 

Rccrystcllizatloii of the more soluble iso:ner obtained from the mother liquors 

yielded a eliGhtly impure sanple, n.p. 56-66° and mixed n.p. vlth 0. scxplc 

obtained by hydroccnatiou of 2,4-dlphenylcycloietciae  (n.p. 60.6-61.o°) 

of 5S.5-600. 

Caabridce, Massachusetts 

i 
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